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^^Xlo^l^^ *** th. etching treatment, giving , e t0 the 

an attempt to control the t mperature elevation * Z T I heatl " 9 mecnar "'sm on the sample holdeMn 
5 tem Perature elevation of the workplace S^S^^T^ dUrin0 etch,n 9 treatmenTHowever 
control the etching treatment as desire* naV °* dabte dWn * the eten '"9 treatment, making it dS to 

remove the contaminant from the sample surface B , hi n*^ Pr6SSUre of fhe reactiv e gas so as to 
-ncreased, however, the vertical of etaLT?™l£ fT* Pr6SSUre ° f the react ™ gas is unl v 
generated within a sample chamber. ZZ n come £ 1 9 ^ ''° n etchin 9 <™?> a pLma s 
between a pair of eiectrodes, the apparatus is maTriiv ,o t aPP3ratUS which a P'«"» Is gentled 
electrode material, with the result fhXZ^^^ST m T Sputtered ° EE 

nJ " S d6SC / ibed above - » is difficult to etch a com™ 12^^ by 1he contamhrton. 

method such that the etched surface is perpendSr to llT,"* by the ^^ntional dry etching 
the workmg edge surface are flat. It is also ail ° Pt ° nal p,ane - »* the working surface and 

An^oo-St" 16 eteCtr0de - PreV6nt C ° ntaminati0n d6rived from tL peripheral 

compo n und bj ;LL^ ^ry etching method which permits efchino . 

-rface and aflat working edge^urfacT" * " ^ ^ and a,so P^s provld^a fiafwolg 

^^ a ^ • *V *ch,ng method, having the steps of 

a Plasma, with the partial pressure of eih of tS TreTl 938 int ° 3 plas ™ ^ber for generatina 
eating the mixed gas within the P la S Tcte2r TT t ^ ^ inert 9as strolled app'oprS 
exerted particles; extracting these WrtTcL S th !° f t0 96nerate io *«* Particles and highly TeSve 

R 0 ?«T r*"' "* C^rilTS fi. 0,B " S " °"« ™bodim« of 

figs. 3A lo 30 are cross sectional vio« JT™ * e h me f°< 1 °' <"» invention; 

»*> apparatus shewn in R g . 2: ">«"»<sl» aow.no „„„ t0 fom, a bso, edge surface ' By us|ng 

fiy. 5 and , 2 „. 8rap|15 ^ 5n0 „,„ g 7 e S ^r S^"" ^ an "»» 8M and a eMonne "as? 
and (he angle of the etched side well; 8 ^"WP batmen (ha partial pressure of a chlonne gas 

argon 9 as; . ev, ™» « »» «c«ng ra» caused b, <h. preaenoe or absence of an 

£ - • « fha _ , fha ^ ^ to paffla| ^ m 
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Table 1 


Stainless Steel 
Molybdenum 
Carbon 
Pyrolytic 
Diamond-Boated mat. H H.i 


130 
125 
12 
8 
< 5 


Life- 
. time( H) 


1500 
1600 
17000 
25000 
> 40000 
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ass* '. n ^zvtzv^ est a ^ „ ms 

ow of to eleclrate famed by usino . S ™" ° eos " y was ™w«*«l over 100 runs in ths 

found to be constant at 0.4 mA/cm*. * 9 aphrta th,s ex P^ment, the ion current density was 

5 «x*rr«r s ^ srr^p^ ? a *- «■ - - . — gas 

contamination of the silicon nitride film to l/loooS ^ * 6,eCtrode was *«« to reduce £ 

as * J^S* ttS^ 2? ~ - —wave and the magnetic fieId so 
» '" the plasma are extracted by the JS£Stt^ Z Z^V^ 9 reac,i ^ Gained 

as «r^ 1 '?^~ * ~ ^ - -ca, edge surface of an InGaAsP laser 
hav.ng an InGaAsP active layer of 1.3 microns E m T*~ bmeCi ^ semiconductor laser wafer 
CVD method under the atmospheric dep0Sitin 9 a silicon film 42 by th^ 

to form grooves for the etching, a^nTr^ *" Si,icon dioxid « «<™ 42 so a! 

^ condioxide fiim 42 used as' a mask, ^shown fn Fig 3B * t't' ? ^ W * r 4 ° '' S 8tChed with ^ 
lase rThe apparatus shown in Rg. 2 is used in this eteh!ng step ^ * ™** ed " surface «* *• 

-odufed ZJSSLI^'SS ° f 3 — - - « ■*» was 

field .ntensity of 875 gauses so as to generate a Hi M I™*" 6 ° UtpUt 0f 200 W a magneS 
. Particles having nigh reactivity were exScS froJ fT , ^ ™ tanta>d particles «* an 252 
extraction voltage of 400 V. The chlorine gas Sri a7L« ^ the Sample cha "*er 20 untie a 

*■ sample chamber were set at 7.5 x lO 1 * T*, Z , ZiT th6 argon 9 as pressure within tho 

density was found to be 0.24 mA/cm* aZ th. . ^ res P ectiv ely- The resultant ion current 

elevated by the lon irradiation to 180' C i £,ut \ TnZeZ % * the 

etches I groove 43 was 5 microns afterthe et ™ ^ 20 m ^ ^ ^ the depth of the 

" T -r- S s t ~^ - £ ™ -rode 4L The threshold 

cleavage surface. The unevenness of the ft Jin J . s "bstant.ally equal to that of a laser of a 

a Plane of the .aser wafer 40. Rg. \°C SZ 2 "shapTof mTSTi^r 1 * ^ 

Let us describe the optimum conditions in the JL «# ♦ „ ^ 8Xp ° Sed by the ete "ing. 
optimum conditions wrth respect to the pS pressured 1**"? * C ° mp ° Und ^conducto' i.e.. the 

^i:T rate temperature - etc - ,n CZt^ili:?: g ? the partiai pressure * *• 

InGaAsP/lnP, it is important to take it into . consideratl T» Jfn ! f UCtUre mc ' Udin 9 a heter ° Junction of 
etch ( ng properties. Tne etching properties otT^sl lTeT *" t *"* ^ each ^ " •» 
« equal to a mixture prepared by mixing ,nP and G^sTa c^lZT °" *" aSSUmpti ° n lnGa ^P 
F.g. 4 shows the relationship between the 7 ! " 9 rat, °- 

' and GaAs. On the other ^g7Z£ fl*™ aaS PfeS ^ ™* aspect to InP 

angle made between the etching side vTan^Tb^ between the chlorine gas pressure and he 

chamber into the sample chaniberLer i^rSoS ^ voZ B ? ^ Were 6Xtract ^ from *. plasma 
PMal pressure was set at 1.4 x 10-* Tm^S^^^ * ** ex P erim ^t. the argon gas 
he ca se wn ^ ch(o ^ on^Mj. nta « Fg 4 ' ^^ng rate of InP reaches apea^ 

that the angle e made between the etching side walf an?^ ° . Torr 0n ** ^ "and, Rg. 5 shows 
ehtame gas partia, pressure is 7.5 * 1 0 -* To?l ^^ t 5 h ubstrat f i s "rf a ce is 90* in the case where the 

p TnTh^;rhSthLv^^^ Where the ch,orine 9as partiai 

and the etching side surface were 85" and 95' i , 9 ' 6S made between th ^ substrate surface 

formed of .nGaAsP and, thus, the f££JU ZZ^L* * ^ ° f faCt ' the ^ K 
found to be about 90' in a compound selco^ ^Z TuS?? *?" ° f ^ The anQ,e 8 wa 
,t comes to the etching of the InP layer, the diffeTS £ 
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while suppressing the side etching in the case of InP i L • «. ° rder ,0 obtain a «* working surface 
iTverlT « 50 to 150-C in the'case t^^i^^T"* ^ ™Z£ 
layer hav.ng a thickness of 1.3 microns, and a 130 to 1^ ? r n 1 CMe ° f inCludin 9 an ,nGa AsP active 
laye^havmg a thickness of 1.5 microns. 80 C the case of 'eluding an InQaAsP active 

^t^^iiK^i ^7%-AVlT Cal etChi " 9 * *. partia, 

' 5 t reac " ve 9 as a < about 7.5 x 10-* Torr However if Z „ J ^ ^ pressure of a chlorine gas as a 
to change the chlorine gas partial pressZT IT ^J 1 ** ^ pressure is Ranged, it is nSss^J 

« XT ^ mat . „ at ^ ^ can te •*£ j rcr^~x:r 

sputtering effect is reduced. In the caTe of a m w 9 319 ' S '° W ^ "onunilbrm as a who > JrT'£ 

argon gas partial pressure under the con^orTS tha^h, n ° nun,formit y <* the etching rate and the 
Torr- As s^ n frorn ^ ^ ^ no JS^^^T *» ^ P-ssure is fixed'at 7.5 Tl £ 

As d l D 9 ' S St l6aSt 6 X T ° rr - 5% Wh6re the ^S 00 9 as 

a a b9 r CfiVe ' y em ^e d in the etching of 

armed gas consisting of a chlorine gas as a reacSve ^ an* "* " R ' BE method - ,n th * case of ulng 

Torr. a m,craw a „ outpilt 0( » StrM^^.r. TJ™" 9as parSal « M xT* 


2S 


30 
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gas partial pressure which Parm^e hjh^ 

high sputtering effect is brought about byVZcTcaV^lZ mm ° n - however ' 3 very 

s surface. Further, damage is don to reach dLZside thf^T'. T 9 3 " Ure to aChfeve 3 f,at etehin 9 
0.5 mA/cm*. As shown in Fiq 12 TTJr*^ I ^1 beCa " Se the ion current densit V '» as high 
pressure is set at a value oth Jthan L v^a IcTLT' ? ^ ' f »» Ch,0rine B» 
a value of, for example 5 x 10-" t«t . t \ , Qhest ,nP etchi " 9 rate 030 be obtained i e at 
the chiorine gas p'nSi ^ ure rlnge ZvT^ ?* I ** ^ « b ° obtai ^ 3 

w etching rates are substantially the same unSrth.s L i f° I™ ^ that the lnP «d GaAs 
chlorine gas partial pressure givingTe optim rn < ^ W ° rds ' » is •*»-"* •» select the 

surface in accordance 'with the relatoSo telZ ? * e VertiCal 30:1 f,at etcni "9 

the cases of, for example. 4^^f Z ^£t^J^ ? ^ QaAS «**" rates - 
. the optimum conditions for achieving the TVelal S fli « t L the chlonne gas partial pressure giving 
« etched at the same etching rate * etCh ' ng surface such that ,nP and GaAs are 

JSZ of^ZZZZZi:^^ ™Z ^ - etching rate is constant 

other. This makes it possible to control fte deoth nl Z IZ ° f CrySta ' ,ayers stacked °™ »e 

pressure is set at 1x10- to iT^^^^ " the ch,orine 8- P^l 

» angle e of 85* In the rase of R 9- 12 - 819 etching can be achieved at the 

variola 10 is appHcab, in genera, to 

data is normalized in such a way that the T h ? d 38 the cases of lnP and Q aAs and the 
determined based on the iZ^Jl^^'ti!- J!» ^ etching rate is 

5 Pr ^e SSett0aCh T mehi9h8Stete ^ *" Ch,0n ' ne ParSa ' 

P~^^^ " --gas can be used in ^ 

may be used as a reactive gas On *To her hand ?!„T ? 8 " M SUCh 35 SiCU - CH3 <^ BCl ° 
helium gas can also be used in toJZZhZJZZZ ? „ 9 ^ ^ X6n ° n 9as ' ^ ton 9 as or 
invention may be an optional combinS o V t ^ 11,6 miXed 933 USed in the P^ent 
Plurality of optional reacle gase ^aTbTcombinedtt aT S" f * ' ""^ ,nart 93S " ^ Course ' 3 
mixed gas. Where the mixed'gas co^c^eSSs a^Sf ^ ° a ~ S ° 35 t0 form 3 
gas as an inert gas, the nitrogen gas p^ 'pZsZT^c IL SZn °" ** 935 *« 3 nitra 9 en 

such that lnP and GaAs are etched at the same r7te 938 ^ PreSSUre ^ det e™ined 

tTS£Z ^nT ^ ^ ^ 3 « 

absolute.y necessary to use the RIBE a^pparattis JZ L t h J * ^ However " » is not 

excited in a plasma chamber so »*£fi^J^^TT* '!, COnstriJCted such *at a gas is 
particles are extracted into a sanv^^Z^^rSl^^t eXdted partic,es - and these 

be applied to the etching of GaAlASlnATseries «i, ° f the pr6Sent inven « on ca " also ■ 

series material as well as to etohVn7of ' J^^^ 8 seri es material, and GaAIAs/GaAs 

such as ZnSe and CdHgTe mH£r laZT^^ " ^ 9 ™ P ^'conductors 
present invention. * mod,f,cat,ons ■» deluded in the technical scope of the 

^^^Z^t^Xr^ WWCh ^ — — ^ ^'1 was 
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output cTK ^.IS^^^'S: S T 10 9ene - 3 — 3 ^owave 

shows the relationship Lweenl a^ofgas ^pressur S *e In" f ^ ° f 400 V ' R9 ' 14 
material to be etched. It is possible to elevate STJTJ^ temperatum of the etching material. i.e, the 
controHing the pressure of fta^^fcfi toThTo^m ? materi3 ' ! ° 3 deSired level * 

14 so as to carry out the etching withTS aas In tfi T on *e data shown in Fig. 

or a GaAs substrate were used « mSb eSS ^ materiS * 9 ^ Xper,ments described below, an inP substrate 
the etching treatment was carried^* at a ^Z^T.V^rV^ W US8<J 88 the reactiv ™« 
the electrode material temperature of 180 C . Further, a pyrolytic graphite was used as 
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25 


• output of 200 W and a m^^tSSry^ m J ' * P ' aSma WaS 9enerated ""der a m c row ^ 

400 V so as to .radiate the InP substrate or GaM Ihl! 6 ! ectrode 14 the ion extraction voltaae of 
temperature was elevated from room l^ULjJiSv? *" '° nS ,0r 4 minutes - ™» subs'ate 
supply to the plasma chamber was stopped and Jtl V <he '° n bomba *™nt. Then, the argon nt 

towered by the chlorine gas supply. However tf» LL« T substrate temperature was temporarilv 

*e subsequent etching treatment ZZ^^lTZ^T" ** *" was at •"oUTK 
making .t possible to continue to carry out the etchino l»L ♦ 6 temperature vvas recovered to 180'c 

srs 9 r r carried ° ut under -^^^ »Tr„rr?* The etchi « 

;, a Kcf i '° n Current densit y o' 0.02 mA/cm* Fta iSI • magnetic held Intensity of 875 

substrate temperature during the dry etching ZZL I IT " I ^ Sh ° Win 9 the cn ="9« of the 
etching process is plotted on the abscissa l l ^ ° f Fi9 ' 15A * *• time for the en "e 

present invention and the prior art, respecll ^T V ^ "' nS Shown in F '9- ISA denote t e 

-nvention permits markedly shortening £ T^X^ JT " h ° W ** method °< the pts m 
evel. F,g. 15B shows the ^^^tmt^S^^f 6 ^" 0 the substrate temperature to a SeTed 
15B, the etching time starting with initi ol ^ '2 9 m ° U " t a " d the etchin 9 In the graph of Ro 
rom the graph, the amount of -chi^S^hfE" 8 SUPP ' y " pl0tted ° n «e abscissa ^ seen 
t-me in the etching method of the Pwm ZrtoZ^T °" " ""^ with the etchl 

omol the etching amount by caL^STZZ^** 7°"'* (t fo,tows ** it is possible to 
^on perm, stable the ^ 

"^n^^r n ^ " — S — * ^ sputtering of the eiectrode 


30 Example 2 


35 


40 


the ,on extraction voltage was set a, a desinad ^^L^ 938 WaS SUpp,ied and - « thi same C 
changed linearly wfth the etching time. ITIntTtJ^L ** ~t was found to De 

eicning amount by controlling the etching time. ' n ' 9 ' 1 58, makin 9 '* Possible to control the 
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argon ^2Z."S ^HfS S?S an* P " w 3nd th ° temperature under 

w th me substrate temperature in the etching S^SS^l ^ " D ° n W3S determined in accordance 
el va ed unde ^ condjfion> g ch|orjne J^P^J*J *. substrate temperature w 

set at a des.red level. In this experiment, the etchino ImnS , me t,me ' the mi "owave power was 
etching time, as in the data shown in Rn itS 9 . ' W3S ,0und t0 be cn aneed linearlv Jth T* 
controlling the etching time. ^ 15B ' ^ jt P° ssib '« »» control nfJSZ^ZZ * 

*C5K SSL^SS^T^ ° f ^ P — —on is applied to ECR-r.be 
example^ is possibie to apply thet^^^S^ T ? ^ t0 ^'Be'^ 

In the pr sent invention, the etching is canted ™? ! lnv ention to RIE and magnetron RIE 
the ion beams are aligned and the TSZ, L l t " Z 8 re ' ative,y hi 9 h ^cuum. with the result that 
reaction take place simultaneously in the pLem SL2 ^ r** 1 ^- A,Sa a spu,teri "9 and a chem tal 
or the working edg surface. What ^^,T^ , ^ n ; j m P °- ible to * 

8d that 3 m,xed 9 as insisting of a reactive gas 
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**. ^ hing step and'to ~^l^ 0 ^l^^ - - — - - as to 

required for elevating the tempe^tum of The Itehlnflt T m3keS * t0 shorten the *" 

is that, in the method of the prese V^TnlTSll^ **" 5h ° U ' d 3,50 be noted 

surface of the etching material The naS oSe t L^!h , -T* the natUral oxide formed °" the 
gas and inhibits the progress' of tte Sin T^T^ T ? Sta " ° f th9 etchin 9 with a reac ^ 
achieved in the present invention ^ rnakeJToL^n WS that rem0vaJ of *» natural «We 

the etching time * P0SS ' b ' e t0 COntr °' accurate 'y the ^hing amount by controlling 

«T^^ sufficient, preventing the etching 

In addition, the electrode is Z cl ode Un Z !1 '""I*" ^ *» etehin 9 

withdraw the ion beam stably o^7^Z^Z ' ^ * P ° SSib ' e f ° r the e,ectrode * 

Claims 

1. A ^»KWn9metl,o<l,characten28dt.ycomprl5lnatliestep S of- 

exciting me mixed ga* wlWL ch^Lf * , 9 COmp0na " K b,ln S »"<">»<** 
Paffldes having-hlgh reecM™ PMma Chamb8r 50 88 to 0"""** particles end excited 

e^^el^SCSr,^ 0 ""' - * bta. particles 

- 1 ^^zs^irir** - In - * ba,osen sas ,s - * - 

a Tn. dr, me »,od accords ,. c«m 2 . etaecterlaed ,„ mat ft. balogen sas , s . c„, orl „, ga , 

P«-» ran,. £ «£ WZi - hIl?2j ? " "° " a 

semiconductor substrate. 9hest etchin 9 rate of ,h ® compound 

<s 7. The dry etching method according to claim 1 characters in , ■ 

compound semiconductor, adjacent lm l^lnTS^tL f T 0 * 0 ™ JuncHon fs fornied"in the 
composition, and the partial piJ^^SS « JTJ« °" *° m 0ther ,n 

the same etching rate in each layer. aC *' Ve 933 3,6 con ^"ed to achieve 

The dry etching method according to claim 1 characterizpri in th=t «, 

is set constant and the partial oressure of th« , u 6 part,al pressure of the inert 9as 

» e,c*ed — — 

9- The dry etching method according to claim 8 charart»ri 7 Ad in +h Q+ *h 

* «. a M to surt ac o, „ ccUnd ^SSSStcaSS: iT" "° — 4 

10. A dry etching method, characterized by comprising the steps of- 

reducing an inert gas into a p.asma chamber for generating a plasma, fol.owed by exciting the 


50 8. 
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inert gas so as to generate ionized particles* 

^Zl™JZZZZ,~ m te to " teed » - - * — * 

stopping the in rt gas introduction* 

- - » - « - 

12. A dry etcblng rrratnod. characterized by comprising lbs steps * 

mounted at a communicating portion between the DtemTrSTmS Jt ' e,eMe beinQ 

Physicany and chemical.y etching the compound semiconductor substrate with the particles. 
13. The dry etching method according to claim 12 character!^ in th,t ih 

m»o ^ ^ b, d-4ssrr^s srscss 15 
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